Summary: For the purpose of studying the relative position of the mylohyoid line, 156 Japanese mandibles (62 dentulous, 94 edentulous) were measured and comparisons made between specimens. Resorption of bone above the level of the mylohyoid line was recognized but no obvious changes were noted below the level of the mylohyoid line, except in rare cases. A straight pattern of the mylohyoid line was observed most frequently, with the segment of the mylohyoid line between the first and second molars being straight. The mean ratio between the total height of the mandible and the height of the mylohyoid line at the level of mesiolingual cusp of the lower first molar was 1:0.65 in males and 1:0.66 in females. These results will be useful in the fabrication of dental prostheses because the level of the occlusal plane can be estimated for edentulous patients using the proportional data for the the mylohyoid line's position.
Introduction
The mylohyoid line gives origin to the mylohyoid muscle. The internal surface of the mandible is divided into two areas by the mylohyoid line which commences posterior to the third molar. Just superior to the anterior end of the mylohyoid line are four small, sharp mental spines, which serve as attachments for the genioglossus and geniohyoid muscles (Moore, 1992) 1) . The alveolar bone of the mandible can resorb down to the position of the mylohyoid line when many teeth are missing (Ide and Agematsu, 1997) 2) . The shape of the mylohyoid line has been classified into eight types and the most frequent pattern reported in adult Indians is a straight form (Izumi et al., 1982) 3) . On the relational position of the mylohyoid line to the root apices of the mandibular molar teeth, the nearest root apex to the mylohyoid line belongs to M2 (Ishiko, 1940 ; Kobayashi et al., 1958) 4, 5) . These authors reported that the root apices of the incisor teeth are located above the mylohyoid line whereas the root apex of M2 is located below the mylohyoid line.
The positions of the mandibular canal and the mylohyoid line are both influenced by the loss of teeth. The distance between the mylohyoid line and the alveolar crest decreases with tooth loss, especially in the M1 and M2 regions (Kanoh, 2000) 6) . On the other hand, the neighboring parts of the mylohyoid line do not seem to be affected by missing premolars and molars (Matsumoto, 1961 (Matsumoto, , 1962 (Matsumoto, , 1963 7, 8, 9) . The position of the mylohyoid line is not only a landmark that can be used to show the changing height of the body of the mandible with loss of teeth, but it is also an important structure to consider when undertaking dental prosthetic treatment for edentulous patients (Izumi et al., 1982; Kanoh, 2000; Roberts, 1977 ; George and Sadek, 1979) 3, 6, 10, 11) . Despite some previous reports, the relative position of the mylohyoid line to the body of the mandible has not been studied in any depth. The mylohyoid line may be evident on diagnostic models used for dental prosthetic treatment (Yamagata and Kuroiwa, 2004; Penhall and Townsend, 1994) 12, 13) . We consider that it is important to demonstrate the position of the mylohyoid line in relation to the distance from the lower border to the occlusal surface of dentulous mandibles, as knowledge of this relationship is potentially useful in dental prosthetic treatment. The purpose of this study is to estimate the height of the alveolar bone and the position of the original occlusal plane for edentulous patients based on data describing the position of the mylohyoid line derived from dentulous mandibles.
Materials and Methods

Materials
156 Japanese mandibles (83 males, 73 females/62 dentulous, 94 edentulous) were studied as shown in Table 1 . These specimens belong to The Jikei University School of Medicine, University Museum, University of Tokyo and Chiba University, Graduate School of Medicine. The average age of the dentulous mandibles was 27.6 years, ranging from 18 to 44 years old. The average age of the edentulous mandibles was 60.0 years, ranging from 42 to 86 years old. Dentulous mandibles were selected to be under the categorical level of 'C' using Takei's classification (Takei, 1970) 14) and under the level of '3' based on Molnar's classification (Molnar, 1988) 15) respectively.
Methods
Measurements of dentulous mandibles
Dentulous mandibles were held with the occlusal plane horizontal using a skull-fix instrument. The measurements recorded in the dentulous mandibles are presented in Fig 1. All measurements were obtained using a digital caliper (573-601 NTD10-15PMX, Mitutoyo, Japan).
Measurements of dentulous and edentulous mandibles
All measurements are shown in Fig. 2 . For obtaining proportional size of the mandible, the following indices were adopted. The statistical analyses were performed with SPSS version 16.0. P-values less than 0.01 were considered to be statistically significant with t-test.
Morphological observations
Using Izumi's eight-grade classification, we combined wavy, S-shaped and reaping-look forms of the mylohyoid line into a pattern referred to as 'wavy' (Izumi et al., 1982) 3) . Thus, six classifications were selected and observed; straight, convex, concave, wavy, separate and Y-shape.
Classification of resorption stages of the alveolar part of the mandible
The resorption stages in the alveolar part of edentulous mandibles were classified into levels as shown in Fig. 3 . Although level 4' belongs to level 4, alveolar bone of level 4' was not identified above the MF.
Level 1: Over 12 mm of the alveolar bone was found above the MF. Level 2: Over 8 mm but less than 12 mm of the alveolar bone was observed above the MF. 
Results
Pattern of the course of the mylohyoid line
A straight pattern of the mylohyoid line was observed most frequently 48.7% (dentulous: 54%, edentulous: 44.7 %). The next most common pattern was the wavy pattern of the line in 23.7% of specimens (dentulous: 29.8%, edentulous: 19.7%) ( Table 2) . 
Relative position of the mylohyoid line on dentulous mandibles
The relative position of the mylohyoid line was defined as follows:
Relative position of the mylohyoid line = height between LC of M1 and M2 and mylohyoid line/height of the body of the mandible
The mean ratio of the distance between ML cusp of the M1 and LMM compared with the distance between the lingual cusp (LC) of M1 and M2 and the mylohyoid line was 1:0.65 in males and 1:0.66 in females (Fig. 4 , Table  3 ). The mean ratio between height of the DL cusp of the M1 and LMM compared with the height of the DL cusp and the mylohyoid line was 1:0.62 in males, 1:0.6 in females.
Comparison of relative position of the mylohyoid line based on dentulous and edentulous mandibles All measurements of edentulous mandibles are shown in Tables 4 and 5 .
Half position between the lingula's notch and MF using the data of dentulous mandibles corresponded to one third distal of M2 (70.4%). A significant difference in the distance from the mylohyoid line to LMM at level 4' was observed between male dentulous and edentulous mandibles. A significant difference in the height from the mylohyoid line to LMM was also observed between male dentulous and the level 4's male edentulous mandible, between level 1 edentulous male and level 4'. No significant difference in the distance from the mylohyoid line to LMM between dentulous mandible and other levels of edentulous mandible except level 4' was observed. Resorption of alveolar bone under the mylohyoid line was not observed except in three subjects.
Discussion
The most frequent shape of the mylohyoid line was a straight form in the Japanese mandibles included in the present study (48.7%) ( Table 2) . This is a similar result to those reported by other authors (Izumi et al., 1982) 3) . The second most common pattern was wavy (23.7%), with the third most common pattern being concave (23.4%). The shape of the course of the mylohyoid line between ML of M1 and DL of M2 was straight (87.9%) in dentulous mandibles. The shape of the course of the mylohyoid line between the M1 and M2 was straight, therefore it is useful for reconstruction of occlusal plane for edentulous patients.
The proportional data relating to the position of the mylohyoid line is useful clinically. Harmonization between neighboring oral structures and a denture's extensions is needed to compensate for missing oral function. According to Morita et al. (1993) 17) , no significant differences in the height from the inferior margin of the mandible to the inferior margin of the MF were noted between dentulous and edentulous mandibles (Morita et al., 1993) 17) . Atwood and Coy (1971) 18) reported that the shape of the resorptive surface of alveolar bone in edentulous mandibles could be classified into four types, namely high well-rounded type, knife-edge type, low well-rounded type and depressed type. Howell (1988, 1991) 19, 20) classified the shape of edentulous mandibles into six types. Other researchers have classified edentulous mandibles in the past but their classifications have been subjective. Therefore, we used a simple metric classification in our study (Fig. 3) . In the present study, the shape of the edentulous mandibles was classified into four types under the condition of the alveolar bone above the MF. Then, our research provided similar results to Morita et al. (1993) 17) . A significant difference in the height from the inferior margin of the mandible to the mylohyoid line between dentulous and edentulous mandibles was not observed except for level 4' of the edentulous mandible. These findings based on the dentulous mandible can be applied during prosthetic treatment of the edentulous patient, in projecting the height of the resorbed alveolar bone and hence predicting the position of original occlusal plane.
It appears that no resorption of bone occurs under the level of the mylohyoid line. Therefore, the position of the occlusal plane in edentulous mandibles can be estimated using the data relating to the position of the mylohyoid line of dentulous mandibles. The estimation of the occlusal plane for edentulous patients using the proportional data of the mylohyoid line will be especially useful for maxillomandibular registration.
Although resorption of alveolar bone of the mandible is reported by many authors, occasionally the resorption of alveolar bone can proceed below the mylohyoid line. According to August and Kaban (1999) 21) , the alveolar part of the mandible changes with missing teeth and finally the basal part of the mandible can be affected. In the present study, excessive resorption of alveolar bone below the mylohyoid line was observed in 6.4% of all edentulous mandibules. We suggest that new criteria are needed for these extreme cases of resorption.
